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I , . 16.10.2002 
Display device 



The invention relates to a display device for displaying subsequent Wes 
comprising a plurality of display elements with an electrophoretic medium. 

Electrophoretic display devices are based on the motion of charged, usually 

color particles under the influence of an electric field between two extremes sta^ 
different transmissivity or reflectivity. With these displays devices, dark (coloured) 
characters can be imaged on a light (coloured) background, and vice versa. 

Display devices of this type are used in, for example, monitors, laptop 
computers, personal digital assistants (PDA's), mobile telephones and electronic books. 



Adisplaydeviceofflietypementionedintheopeningparagraphisdescribed . 
m the uiq,ubUshed international patent appKcation IB02/0061 1. This patent application 
descnbes a electronic ink display comprising two substrates, one of which is transparent the 
tnmsparent substrate is provided with row and columns electrodes. A crossing between a row 
and a column electxode is associated with a display element. The display element is coupled 
to the colmmi electrode via a thin film transistor (TFT), the gate of which is coupled to the 
row electrode. This arrangements of display elements. TFT transistors and row and column 
electxode together forms an active matrix. Furthermore, the display element comprises a first 
electrode, a second electrode and a third electrode. A row driver may select the first 
electrodes of the display elements via thin-film transistors whose gate electrodes are 
comiected to the row electrodes and whose source electrodes are comiected to the column 
electrodes. The data signal on the first column electrode is transferred to the first electrode 
via the TFT coupled witix the drain electrode. Furthennore, in each display element the 
second electrode is comiected to additional drive means via an additional TFT and an 

additional column electrode for receivingasecond data voltage for realizing the m^^^^ 
optical state. lUe third electrode is comiected to. for example, ground by means of one or 
more common counter electrodes. Furthermore, an electronic ink is provided between the 
first electrodes, the second electrode and the common electrode. The electronic ink comprises 
multiple microcapsules, of about 10 to 100 microns. Each microcapsule comprises positively 
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charged black particles suspended in a white fluid. When a positive voltage V is apphed to 
the first electrode and the second electrode, the black particles move to the side of the micro 
capsule directed to the lowest potential in this case the third electrode. In case the display 
device is viewed from the side of the transparent substrate comprising the first and second 
electrode the display now has the color of the fluid, m this case white. To obtain an 
interaiediate optical state, for example, the second electrode is now connected to ground, 

jnjrViiWh ft.firRt electrode is connected to a negative voltage V- and the third electrode is 

connected to ground. The positively charged black particles move to the lowest potential, in 
this case an area around the first electrode. When the display device is viewed from side of 
the transparent substrate the display element has only partly the color of the black particles 
and partly the color of the fluid. A greyvalue is thereby obtained. Intermediate optical states, 
grey scales, can be created in the display device by controlling the amoimt of particles that 
move to the first and second electrode at the top of the microcapsules. For example, by 
controlling the electric field lines between the first electrodes, the second electrodes and the 
third electrode, more or fewer particles move towards the area between tihie first and second 
electrodes and different intermediate optical states (greyvalues) can be obtained. 

In the known display devices it is required in order to improve the 
reproducability of the intermediate optical states by bringing the pixel to a defined state prior 
to selection, for example by giving a reset pulse which causes the charged particles to spread 
uniformly across the third electrode in advance. A disadvantage of the known display is that 
this reset pulse results in a temporary blanking of the screen and is incompatible with slow 
video reproduction. 

It is an object of the invention to provide a display device of the type 
mentioned in the opening paragraph which don't have a temporary blanking. 

To achieve tins object, a first aspect of the invention provides a display device 
as specified in Claim 1. 

The invention is based on the recognition that particles realizing the 
intermediate optical state of information to be displayed, should be removed from the areas 
between the first and the second electrode when realizing a subsequent intermediate state of 
the subsequent image, so that substantially no remaining particles can influence the 
intermediate optical state of the subsequent image. 
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Using two groups of particles with the same color but with a first group of 
positively charged particles and a second group of negative charged particles enables that by 
supplying appropriate voltages to the electrodes no reset pulses are required between 
subsequent images. When ^propriate voltages are suppUed to the pixel electrodes particles 
of Ihe first group move to an area between the fii.t and the second electrode m accordance 
w,th the desii^ intermediate optical states and particles of the second group move to the 
thud electrode. In a next subsequent image the voltages supplied to the electrodes can be 
selected such that the particles of the first group are released from the area between the first 
and second electrode and the particles of the second group move to the area between the first 
and^e-second electrode in accordance with the intemxediate optical states of the second 
subseqtrent image. 

A particular embodiment of the invention is specified in claim 2 by alternating 
the gr^ of charged particles fomung the intemiediate optical state, r^et pulses are not 
required anymore, so temporarily blanking of the display is substantially eliminated. 

Further advantageous embodiments of the invention are specified m the 
further dep«ident claims. 

In an embodiment as specified in claim 3 reproducibility can be further 
miprovedbysupplyingapresetsignalbeforethedrivesignal. mthis embodiment the 
ele^^retic particles are released from the electrodes before they are directed to a new 
position according to the subsequent drive pulse. 

Preferably, the preset pulse is of opposite polarity to the polarity of the pulse 
of the drive signal. 

In an embodiment of claim 5 a preset signal consisting of an even number of 
Pi^set pulses of opposite polarity can be generated for minimising theDC component and the 
visibility of the preset pulses of the display device. Two preset pulses, one with positive 
pol^trand one with negative polarity wiU mimmize the power dissipation of the display 
devicB-within this mode of operation. 

In an embodiment as specified in clahn 7 the particles are present in a fluid 
hm^ substrates. Alternatively, it is possible that the particles are present in a 
30 microc^sule. 

In an embodiment as specified in claim 8 the surface of the substrate 
comprising the thmi electrode is provided with hydrofobic, for example a layer of 
tetrafluorethyleen. This provides a slippy layer so that the particles attracted to this substrate 
by tbe potential of the third electrode are distributed more homogeneously. 
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These and other aspects of the invention are apparent from and will be 
elucidated with reference to the embodiments described hereinafter. 
5 In the drawings: 

Fig. 1 shows diagrammatically a portion of a display device, 

Frg:2-shows-arpixel-ef^an-eleetoQphoretic>4isp.l^ devicft in which different 

greyvalues or intermediate optical state have been realized, 

Fig.3 shows electrical field lines in a pixel of an electrophoretic display 

10 device. 

Fig. 4 shows 4 prepulses preceding a data signal for supplying to a pixel 
electrode of an electrophoretic display device and 

Fig. 5 shows a pixel of an electrophoretic display device provided with micro 
capsules comprising charged electrophoretic particles. 

15 

The Figures are schematic and not drawn to scale, and, in general, like 
reference numerals refer to like parts. 

Fig. 1 diagrammaticaly shows an electric equivalent of a part of display device 
20 1 to which the invention is appHcable. It comprises a matrix of pixels 10 at the area of 

crossings of row or selection electrodes 7 and two column or data electrodes 6,6*. The row 
electrodes are consecutively selected by means of a row driver 4, while the column electrodes 
1,1' to n, n' are provided with data via a data register 5. To this end, the incoming data 2 are 
first processed, if necessary in a processor 1 1 . Mutual synchronisation between the row 
25 driver 4 and the data register 5 takes place via drive lines 8. 

Drive signal fix)m the row driver select the picture electrodes via thin-fihn 
transistors (TFTs) 9,9* whose gate are electrically connected to the row electrodes 7 and 
whose source electrodes 21 are electrically connected to the column electrodes 6,6' 
respectively. The signal at the first column driver 6 is transferred to the first picture electrode 
30 via the TFT 9. The signal at the second column driver 6' is transferred to the second picture 
electrode via the TFT 9' . The third picture electrode if the pixel 10 is connected to ground, 
for example, by means by one or more counter electrodes. In the example of Fig.l such 
TFT's 9, 9* are shown diagrammatically for only one pixel 10. 
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Fig.2A shows a pixel comprising a first substrate 11, for example a glass or a 
synthetic material, provided with the third electrode 7, a second, transpai^t substrate 12 
provided with a first electrode 6. The pixel is filled with an electrophoretic medium for 
example, a white fluid containing positively charged black particles 14 and negatively 
charged blackparticles 14'. The second, transparent substrate further comprises a second 
electrode 6' so as to realize intermediate optical states via electric voltages across tixe second 
electrode 6\ The voltage across this third switching electrode 6' influence the switching 
behaviour between the two optical states. 

For example, in Fig.2A, a first optical state is created. Thereto, the third 
electrode 7 is comiected to ground, while one of the first and second electrodes 6 is 
comiected to a first voltage +V1 and the other one of the first and the second electrode 6' is 

comiected toasecond voltage V2, whereby V1>V2>0, the blackpositively charged particles 
14 move towards the electrode at the lowest potential, in this case, the third switching 
electrode 7. The black negatively charged particles 14' move towards fhe electrode at fhe 

highest potential in this case the first electrodeeand are present in the area directly^^^^ 
first electrode 6. Viewed from the viewing direction 15, the pixel now has substantially the 

color oflhe fluid 13, except for the portionnear fhe first electrode 6, wMch pixel color is nea^ 
white m this example. An extreme optical state is realized with the example in Fig.2B In Fig 
2B fhe third electrode 7 is comiected to ground, while both the first and second electrodes 
6,6' are comiected to a voltage -V. Tlie positively charged, black particles 14 move towards 
the lowest potential, in this case towards the potential plane defined between the first and 
second electrodes 6.6' parallel to and alongside of the fii^t substrate 12 and ^ negatively 
charged black particles 14' move towards the highest potential in this case towards Oie 
potential plane defmed by the third electrode 7. Viewed from the viewing direction 15 the 
pixel now has the color of the black particles 14. An similar optical state arises in case'the 
first and second electrodes 6,6' are comiected to a voltage +V and tiie third electrode 7 is 
comiected to ground. THe negatively charged, black particles 14'move to towards the highest 
poteimai, in this case to the potential plane parallel and alongside of the first substrate 12 and 
the positively charged, black particles 14 move towards the lowest potential in this case 

towards thepotential plane defined by the third electrode7.When viewed from the viewing 
direction 15, fhe pixel also has fhe color of the black particles. 

In Fig.2C, in order to create intermediate optical states the first electrode 6 is 
connected to a first voltage +V1 . the second electrode 6' is comiected to a third voltage -hV3 
whereby V1>V3>0 and V3 < V2, and the third electrode 7 is comiected to ground The 
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positively charged, black particles 14 move towards the lowest potential, in this case an area 
around the third electrode 7. The negatively charged, black particles 14' move towards an 
area aroimd the first electrode 6. Viewed from the direction 15, the pixel has now partly the 
color of tiie black particles and partly the color of the white fluid. A grey hue is thereby 
5 obtained. By variation of the magnitude of the voltage V3 supplied to the second electrodes 
6' different grey scales can be obtained. Fig 3 shows potential lines for 4 possible 

combmations of vo ttages-^^r oss -Q ie etectrodes-6;6^andr7-andr^i3^ows44^agrara^ 

showing the forces exerted on positively charged particles. In this way a first image having a 
first grey hue can be displayed on the display. A consecutive second image having a second 
10 grey hue is displayed by connecting the first electrode 6 to a negative first voltage -VI and 
the second electrode 6' to a negative voltage -V3, whereby V1<V3<0, while the third 
electrode 7 remains connected to ground. In this case the positively charged particles 14 
move towards the lowest potential, in this case an area near the first electrode 6. The 
negatively charged particles 14' move towards an area near the third electrode 7, a new grey 
1 5 hue is tiius obtained. The amount of black particles 14 present under the substrate 12, and 

thus the grey hue, depends from the magnitude of the voltages VI, V3 on the first and second 
electrode 6,6\ A next consecutive image is displayed by connecting the first electrode 6 
again to a positive voltage +V1 and the second electrode 6* again to a positive voltage +V3. 
Each further consecutive image is displayed by alternating the polarity of the voltages VI, 
20 V3 supplied to the first and second electrodes 6,6* respectively with respect to the third 

electrode 7. An advantage of this display compared to conventional electrophoretic displays 
is that a consecutive image can be displayed without applying a reset pulse which releases all 
particles 14,14' &om the first substrate 12. In this way a temporary blanking of tiie display 
screen is prevented. 

25 Preferably, before each new image a small number of prepulses are supplied to 

the first and second electrode 6,6' preceding the data pulses VI, V3 in order to improve the 
response time. Fig 4 shows a combination of four prepulses 40 and data pulses V,,, Yn^u Vn+2, 
Vn+3 supplied to one or both of the electrodes 6,6' of the pixel 10, The magnitude and 
duration of the prepulses 40 supplied to the first electrode 6 are associated with an energy 

30 sufficient for releasing the electrophoretic particles 14,14' in a first area near the first 

electrode 6 but to low to move them to an area near the third electrode 7. Preferably, the 
polarity of the last prepulse 40 is opposite to that of the voltage VI, V3 supplied to the first 
and second electrodes 6,6'. Altematively, the prepulses 40 can be supplied to the third 
electrode 7 before the voltage VI, V2 are supplied to the electrode 6,6' . 
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The substrates 1 1,12 may be provided with a hydrofobic layer, for example 
tetrafluorethyleen to prevent sticking of the charged particles 14.14' to the substrates. 

Alternatively, the particles can be encapsulated in micro-capsules as described 
in "Micro-enc^sulated Electrophoretic Materials for Electronic Paper Displays 20* IDRC 
conference, pp.84.87 (2000)". The electrophoretic medium, the fluid comprising the 
positively charged particles 14 and the negatively charged particles 14', is now present in 
microcapsules 16 in a transparent substrate or binder. 

Fig. 5A and 5B shows a cross-section 50 of a portion of the display device 
contained two micro-capsules 16, the third electrode 7 is again comiected to ground, while 
the first and second electrodes 6.6' are comiected to a voltage VI, V2 respectively. Th^ size 
L of micro-capsules 16 in a lateral direction is approximately equal as the distance between 
the first and second electrodes 6,6'. 

It will be obvious that many variations are possible within the scope of the 
invention without departing fiom the scope of the upended claims. 
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I • A display device for displaying infomation comprising a pluraUty of display 

elements with an eleotrophoretic medium, comprising t«ro groups of eleotrophoretic parHoles 
one group of positively charged eleotrophoretic particles and one gro,^ of negatively charged 
parfdes and the color of the electrophoretio particles of *e first groip is equal to the color of 
the eiectrophoretic particles of the second group, 

a first electrode, a second electrode and a third electrode associated with each 
display element for receiving a drive signal, and 

control means for supplying, in correspondence with the information to be 
displayed, the drive signal to liie electrodes for realizing intennediate optical states. 

2. An eiectrophoretic display device as claimed in claim 1 wherein the 
infonnation to be displayed comprises subsequent images and the control means is able to 
generate a drive signal such that the voltage difference between &e first, second electrode 
and the third electrode respectively is alternately positive and negative synchronously with 
the display of each subsequent image. 

3. An eiectrophoretic display device as claimed in claim 1 wherein the control 
means are further arranged for supplying a preset signal before the drive signal comprising a 
preset pulse associated with an energy sufficient for releasing the eiectrophoretic particles 
firom-a-first position near one of the electrodes on the substrates but too low to reach a second 
posi^KJsrnear one of the other electrodes on the substrates. 

4. An eiectrophoretic display device as claimed in claim 3 wherein the preset 
sigrw^ iiu^piied to one of the first and second electrodes. 

5. An eiectrophoretic display device as claimed in claim 4 wherein the control 
means being further arranged for generating the preset pulse with a negative or positive 
polarity and the control means being further arranged for generating the drive signal 
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comprising a pulse with a positive or negative pulse, whereby the polarity of the preset pulse 
is opposite to the polarity of the pulse of the drive signal. 

6. An electrophoretic display device as claimed in claim 3 wherein the preset 

5 signal is supplied to the third electrode. 

T. An electropKoretrc"llisp ^ 

electrophoretic medium is present between two substrates one of which comprises the first 
and second electrode, and the other comprises the third electrode. 

10 

8. An electrophoretic display device as claimed in claim 7 wherein the surface of 
the substrate comprising the third electrode is provided with a hydrofobic layer. 

9. An electrophoretic display device as claimed in claim Iwherein the 
1 5 electrophoretic medium is present in a micro-capsule. 
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ABSTRACT: 



The invention relates to a display device for displaying information 
comprising a plurality of display elements with an electrophoretic medivmi, 

a first electrode, a second electrode and a third electrode associated with each 
display element for receiving a drive signal, and control means for supplying, in 
correspondence with the information to be displayed, the drive signal to the electrodes for 
realizing intermediate optical states. In order to omit reset pulses which cause a temporary 
blanking of the display device, the electrophoretic medium of the display device comprises 
two groups of electrophoretic particles, one group of positively charged electrophoretic 
particles and one group of negatively charged particles and the color of the electrophoretic 
particles of the first group is equal to the color of the electrophoretic particles of the second 
group. 



Fig, 2 



PHNL021028 



1/3 




'8. 



FIG.1 



12- 



o oo 

14'-^ 



-14' 



— 



-14' 



11 



1 



FIG.2A 



I'- ^r^'.rJS^ OO 000 00^ 14' 



FIG. 2B 



12 
6 



1^ 



14'^°o§i>oO 



-6' 



11 



FIG. 2C 



PHNL021028 



2/3 



CO 

CD 




CM 




CO 




CO 



CO 





CO 




FIG. 5 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY-SCALE DOCUMENTS 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




